In order to investigate the structure of Fe-Zn À phase in a commercial galvannealed IF steel sheet, the electron diffraction and composition of À phase in a commercial galvannealed IF steel sheet were studied by transmission electron microscope (TEM) and X-ray energy dispersive spectroscopy (EDX). The cross-sectional TEM specimen was prepared using focused ion beam (FIB) technique which was also introduced briefly. The results show that there exist superlattice reflections in the selected area diffraction patterns (SADPs) of À phase which indicate that the À phase is a kind of ordered intermetallic compound. The results of computer simulation of electron diffraction patterns based on the single crystals X-ray diffraction of previous researchers give a advice to the atomic coordinates of À phase in a commercial galvannealed IF steel sheets.
Introduction
A galvannealed (GA) steel sheet is widely used in the automobile industry. In the galvanizing process, The steel sheets are first immersed in a zinc bath and then undergo a post-coating heat treatment to form the Fe-Zn intermediate phases: À (Fe 3 Zn 10 -bcc), À 1 (FeZn 4 or Fe 11 Zn 40 -fcc), 1k or 1p (FeZn 7 or FeZn 10 -hexagonal) and (FeZn 13 -base centered monoclinic). Among them, the À phase is always adjacent to the substrate steel. 1) Formability is an important performance in galvanneal coatings since Fe-Zn intermetallic phases are considerable brittle. The brittleness of Fe-Zn intermetallic phases can lead to the flake off or powder during stamping or forming of coated steel, which results in reducing corrosion resistance and paintability. Generally, it has been found that the degree of powdering increases with both coating iron content and coating weight. Failure has been observed at the À phase layer/substrate interface and the 1 phase layer/À phase layer interface. 2) Among Fe-Zn intermetallic phases, the À phase has a higher iron content and microhardness values. 1) It is obvious that the À phase has significant influence to the powdering and flaking of the coating.
There were some studies about À phase based on X-ray diffraction [3] [4] [5] [6] which had been conducted on single crystals prepared by special methods. There were no direct observation or research on a galvannealed steel sheet because of the inconvenient of preparing specimen. Recently, a focused ion beam technique was developed and successfully applied to metallic materials. 7) So transmission electron microscopy has been applied to this problem with some success. 8, 9) The propose of present work is to investigate the structure of À phase in a commercial galvannealed steel sheet by electron diffraction. Then the computer simulation of electron diffraction patterns was carried out based on the previous works of Johansson et al., 4) Brandon et al. 5) and Claude et al. 6) Comparing the results of electron diffraction experiments and computer simulation propose the structure of À phase in a commercial galvannealed steel sheet.
Experimental Procedures
The sample used in this work, 0.8 mm thick GA steel sheet in which the substrate steel sheet is Ti-added interstitial free steel, was supplied by Baosteel groups. The chemical composition of the substrate sheet is shown in Table 1 . Figure 1 is the schematic of industrial heat treatment for galvanizing and galvannealing processes. The 10 Â 10 mm sample was cut from the sheet by a linear cutting machine. Then the sample was loaded into the chamber of a SMI 2200 focused ion beam system after ultrasonic cleaning. It took only about one hour to obtain a cross-sectional TEM thin foil using the FIB system, as shown in Fig. 2 . The bulk sample was removed from the FIB vacuum chamber and then was viewed by a light optical microscope. The TEM thin foil was ''lifted out'' the bulk sample using the arm of a hydraulic micromanipulator with a solid glass rod pulled to a sharp tip ($20{30 mm).
The TEM thin foils thus prepared were supported by copper grid and then were examined in a JEOL JEM-200CX transmission electron microscope at an accelerating voltage of 160 kV. EDX analyses were conducted by an Oxford X-ray energy dispersive spectroscopy. The computer simulation of the electron diffraction patterns was carried out with the software of CaRIne crystallography 3.1. Figure 3 shows the micrograph near the coating and the substrate with the results of EDX analysis. From region 1, strong peaks of Fe are obtained. It can be easily identified as the substrate, -Fe. Region 2 shows strong peaks of both Fe and Zn. It is a kind of Fe-Zn intermetallic phase. Table 2 is the EDX quantitative analysis of region 2 and shows a high iron content of about 26 mass%. It can be identified as À phase since the iron content of À phase ranges from 23.5 mass% to 28 mass%. 1) It is reasonable because the À phase always exists adjacent to the substrate and shows a front-teeth micrograph. 10) The three main zone-axis selected area diffraction patterns of the À phase are shown in Fig. 4 . It always shows weak extra spots which attributed to the superlattice reflections. All of the three main zone-axis SADPs are the regular arrange of extra weak spots and main spots. The extra weak spots exist on the one/third and two/thirds of two adjacent main spots. It can be said that there exist some kinds of ordering in the À phase. Fe atoms and Zn atoms occupy the fixed positions which indicate that the À phase is a kind of ordered intermetallic compounds. Johansson et al., 4) Brandon et al. 5) and Claude et al. 6) had studied the single crystals of À phase by X-ray diffraction. The common viewpoints of the studies were that the À phase has a cubic structure which is shown to be of the brass Table 3 , Table 4 and Table 5 , respectively.
Results and Discussion
The data of lattice parameters and atomic coordinates of the Table 3 , Table 4 and Table 5 were input into the computer. Then electron diffraction patterns were simulated by the software of CaRIne crystallography 3.1. The results show that the electron diffraction patterns simulated by computer based on the data of Johansson et al., which are shown in Fig. 5(a) , are almost the same with the experimental results in Fig. 4 . But the results simulated by computer based on the data of Brandon et al. and Claude et al. (Figs. 5(b) and (c)) show some differences with the experimental results.
Then we can conclude that the atomic coordinates of À phase in present commercial galvannealed IF steel sheets is that Fe on 8c, Zn on 8c 0 , 8 Fe/4 Zn on 12e and Zn on 24g.
The common formula of À phase is Fe 3 Zn 10 . But its Fe atoms and Zn atoms contents are changeable. So the formula of Figure 6 is the three dimension structures of a À phase cell simulated by computer based on the data of Johansson et al., which was also carried out by the software of CaRIne crystallography 3.1.
Summary
The Fe atoms content of À phase in commercial galvannealed IF steel sheets is about 29.14 mol%. There exist superlattice reflections in the SADPs of À phase which indicate that the À phase is a kind of ordered intermetallic compound. The results of computer simulation of electron diffraction patterns suggest that the atomic coordinates of a À phase cell in commercial galvannealed IF steel sheets is that Fe on 8c, Zn on 8c 0 , 8 Fe/4 Zn on 12e and Zn on 24g, which correspond with the results of single crystal X-ray diffraction of Johansson et al. Three dimension structure of a À phase cell was simulated by computer.
